1. Introduction {#s0005}
===============

Noble metal nanoparticles are having distinct properties compared to other metallic nanoparticles due to their optical, electronic and molecular recognition properties. Noble nanomaterials have large optical field enhancements due to the resonant oscillation of their free electrons in the presence of light. Because of these properties noble metal nanoparticles are greatly utilized in optical, imaging, sensors, cosmetics cancer therapy, and drug delivery [@b0200], [@b0140]. Among these noble metals, gold and gold nanoparticles are precious, inert and not easily oxidized when exposing to oxygen or highly acid environments [@b0015]. Gold nanoparticles exhibit different colors such as red, blue or other colors depending their size, shape and amount of aggregation [@b0015], [@b0020]. These visible colors reflect the oscillations of conduction band electrons at appropriate wavelengths [@b0145]. Gold nanoparticles are highly stable, sensitive and have higher levels of consistency. Due to these properties they are greatly admired and utilized for biomedical applications such as drug delivery, imaging, photothermal therapy and immunochromatographic detection of pathogen in food and clinical specimen [@b0085]. Recently they are used in applications such as detection of heavy metal ions [@b0235] and target delivery of therapeutic agent [@b0065]. Various methods are adopted for synthesis and assembly of gold nanoparticles such as physical, chemical and biological methods. Among these methods, using biological systems is an eco-benign, less toxic, clean, and less time consuming called as green chemistry compared with other synthesis methods [@b0040]. The biological systems for nanoparticle synthesis, microorganisms play an important role and act as living nano factory for the production of functional biomolecules [@b0095], [@b0125]. Microorganisms have been successfully implemented for the synthesis, nucleation, and assembly of nanomaterials. Many microorganisms, both unicellular and multicellular can produce nanoparticles either intracellular or extracellular routes. In extracellular synthesis, the cell filtrate could be used to achieving better control over size and polydispersity of nanoparticles. This synthesis method of nanoparticles using cell filtrate was more beneficial than the intracellular synthesis method [@b0135]. Gold nanoparticles synthesized by several bacteria are *Pseudomonas aeruginosa* [@b0090], Cyanobacteria [@b0105], [@b0110], *Rhodopseudomonas capsulata* [@b0075], *Escherichia coli DH5α* [@b0040], *Bacillus subtilis* [@b0205], and *Stenotrophomonas maltophilia* [@b0155].

Cancer is an abnormal growth of tissue or cells exhibiting uncontrolled division autonomously resulting in a progressive increase in the number of cell divisions [@b0100]. It causes significant morbidity and mortality and is a major health problem worldwide [@b0025] and there are increasing demands for anticancer therapy [@b0220]. The fight against cancer is difficult particularly in the development of therapies for severely multiplying tumors. Chemotherapy is available for treatment of cancer but still it exhibits low specificity and is restricted by dose limiting toxicity. It is a challenge to find the therapy and drugs for the treatments of various types of cancer. So, conventional methods require the combination of controlled released technology and targeted drug delivery which is more effective and less harmful. Nanomaterials are expected hopefully to revolutionize cancer diagnosis and therapy [@b0185]. Recently silver nanoparticles used in anticancer therapy for several types of cancer are Hep2 cell line [@b0185], [@b0035], HT-29 cell lines [@b0030], Vero cell line [@b0175] and breast cancer line MCF-7 [@b0215]. In the present study we investigate gold nanoparticle synthesis using bacteria by extracellular route and their anticancer activity against liver cancer cell lines (HepG2) and lung cancer cell lines (A549).

2. Materials and methods {#s0010}
========================

Chemicals such as Chloroauric acid (HAuCl~4~), 3-(4,5-di-methyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT), and Dimethyl sulfoxide (DMSO) were purchased from Sigma Aldrich.

2.1. Isolation and identification of marine bacteria {#s0015}
----------------------------------------------------

The marine water sample was collected from Kanyakumari coastal area, Kanyakumari district, South Tamilnadu, India in a clean sample container. Isolation of marine bacteria was carried using the "Serial Dilution Method". The isolated bacterium is stored in nutrient agar plates. The morphological and physiological characterization of the marine bacterial isolate was performed according to the methods described in Bergey's manual of determinative bacteriology. The 16S rRNA sequencing was performed for the identification of the bacteria.

2.2. Extracellular biosynthesis of gold nanoparticles {#s0020}
-----------------------------------------------------

The extracellular production of gold nanoparticles has wider applications in various fields. In this method, 100 ml of nutrient broth was prepared inoculated with the *Enterococcus* sp. and then incubated for 24--48 h at room temperature in the orbital shaker. After that the culture solution was centrifuged at 7500 rpm for 15 min. Then the supernatant was taken into a clean 250 ml conical flask and 1 mM gold chloride was added to 100 ml culture of supernatant. Then the mixture was incubated in the orbital shaker for the synthesis of gold nanoparticles. The color change was observed visually and photographs were taken. After that culture solution was centrifuged for 7500 rpm for 15 min. Then the pellet was collected and it was dried in a hot air oven the scrap and made into a powder form, it is used for the characterization of the particular nanoparticles. The powder was used for further characterization studies.

2.3. Characterization of gold nanoparticles {#s0025}
-------------------------------------------

Extracellularly bioreduced gold ions by the culture supernatant of *Enterococcus* sp. were preliminarily analyzed using Double beam UV--vis spectrophotometer (Perkin Elmer, Singapore) at different wavelengths. Upon further characterization studies the synthesized gold nanoparticles were obtained by repeated centrifugation at 8000 rpm for 15 min and dried at room temperature. Crystalline structure of dried nanoparticles was characterized by XRD (Bruker, Jermany, model: D8Advance) and morphological characters such as size, shape and distribution were analyzed using the Transmission Electron Microscope (Hitachi, Model: S-3400N) with SAED. Presence of elemental gold was confirmed by EDX. The functional biomolecules associated with gold nanoparticles were characterized by FT-IR (BrukerOptik GmbH Model No -- Tensor 27). The dried nanoparticle sample was ground with KBr pellets and measured at the wavelength ranging from 4000 to 400 cm^−1^.

2.4. Anticancer activity of gold nanoparticles against HepG2 and A549 cell lines {#s0030}
--------------------------------------------------------------------------------

The HepG-2 and A549 cells were plated separately in 96 well plates at a concentration of 1 × 10^4^ cells/well. After 24 h, cells were washed twice with 100 μl of serum-free medium and starved for an hour at 37 °C. After starvation, cells were treated with different concentrations of gold nanoparticles (1, 10, 25, 50, 100 μg/ml) for 24 h. At the end of the treatment period the medium was aspirated and serum free medium containing MTT (0.05 mg/ml) was added and incubated for 4 h at 37 °C in a CO~2~ incubator. The inhibitory concentration value (IC) of the gold nanoparticles was identified for normal untreated cell line. The MTT containing medium was then discarded and the cells were washed with PBS (200 μl). The crystals were then dissolved by adding 100 μl of DMSO and this was mixed properly. Spectrophotometrical absorbance of the purple blue formazan dye was measured in a microplate reader at 570 nm (Biorad 680). Cytotoxicity was determined using Graph pad prism5 software. The assay is based on the reduction of soluble yellow tetrazolium salt to insoluble purple formazan crystals by metabolically active cells. Only live cells are able to take up the tetrazolium salt. The enzyme (succinate dehydrogenase) present in the mitochondria of the live cells is able to convert internalized tetrazolium salt to formazan crystals, which are purple in color.

3. Results and discussion {#s0035}
=========================

Pure colonies were obtained and characterized as *Enterococcus* sp. based on the results described in Bergey's manual of determinative bacteriology [@b0080].

3.1. Phylogenetic analysis {#s0040}
--------------------------

In this study, 16S rRNA genes of different species coming under *Enterococcus* genus (different strains of a species) were obtained from GenBank; however totally 20 species were considered as homologous sequences and selected on the basis of high sequence identity (%) for phylogenetic analysis. The cumulative results from a limited number of studies to date suggest that 16S rRNA gene sequencing provides genus identification in most cases (\>90%) but less so with regard to species (65--83%), with regard to species from 1% to 14% of the isolates remaining unidentified after testing. Fukushima et al. [@b0060] reported phylogenetic analysis using the 16S rRNA gene sequence will be able to classify some bacteria. For analyzing this hypothesis and results we have performed the phylogenetic analysis on the basis of 16S rRNA genes. Randomly, totally 20 different strains which come under the genus of *Enterococcus* were used for tree reconstruction. [Fig. 1](#f0005){ref-type="fig"} shows clearly that our strain RMAA had an own branch with *Enterococcus* sp. with 96% bootstrap value. It is supported by the maximum sequence identity 99%. Interestingly, the strain RMAA had an own branch with *Enterococcus* sp. with 88% bootstrap support. It is supported by the maximum sequence identity 97%. It's assuring that strains RMAA had a maximum identity and phylogenetically cluster with *Enterococcus* sp. RMAA. It confirms that RMAA belongs to *Enterococcus* sp*.*Figure 1Phylogenetic tree is based on the 16S rRNA gene sequence of bacteria.

3.2. Biosynthesis of gold nanoparticles using Enterococcus sp. {#s0045}
--------------------------------------------------------------

### 3.2.1. Visual inspection {#s0050}

The visual inspection is the preliminary analysis process to confirm the synthesis of gold nanoparticles using the *Enterococcus* sp. [Fig. 2](#f0010){ref-type="fig"}a shows the culture supernatant of *Enterococcus* sp. [Fig. 2](#f0010){ref-type="fig"}b shows the 1 h incubation of gold chloride with *Enterococcus* sp. [Fig. 2](#f0010){ref-type="fig"}c exhibits the 24 h incubation of gold chloride with *Enterococcus* sp. The formation of ruby red color observed after 1 h reveals the synthesis of gold nanoparticles using the *Enterococcus* sp. The intensity of ruby red color was increased with increased incubation time from 2 to 12 h. After that the appearance of dark ruby red color indicates the gold nanoparticle synthesis process is completed. The color of the solution is changed from yellow to ruby red for gold due to the excitation of surface plasmon vibrations in the gold nanoparticles [@b0165]. Several hydroquinones with excellent redox properties could act as electron shuttle in metal reductions [@b0045]. Thus, it was evident that electron shuttles or other reducing agents released by the bacterial strains were capable to reduce the ions to nanoparticles [@b0005].Figure 2Biosynthesis of gold nanoparticles using *Enterococcus* sp. (a) Bacterial culture (b) HAuCl~4~ with bacterial culture initial at 1 h incubation (c) final color 24 h incubation.

### 3.2.2. UV--vis spectroscopy {#s0055}

The collection of excitation present in the surface of the nanoparticles known as surface plasmon resonance was used for the confirmation of synthesis, size and shape of the nanoparticles [@b0050]. The UV--vis spectra recorded from the *Enterococcus* sp. with gold ion reaction mixture at different reaction times are plotted in [Fig. 3](#f0015){ref-type="fig"}. The spectra show a well-defined surface plasmon band centered at around 545 nm for gold nanoparticles, which is the characteristic absorbance of gold nanoparticles [@b0070]. The color intensity of gold is raised while increasing the incubation time and it reveals the formation of an increased number of nanoparticles. Observation of this peak, assigned to a surface plasmon is well-documented for various metal nanoparticles with sizes ranging from 2 nm to 100 nm [@b0190], [@b0195]. The stability of nanoparticles is mainly based on the capping agents like enzymes and proteins present in the bacteria [@b0055].Figure 3Absorbance spectra of biosynthesis of gold nanoparticles using marine bacteria *Enterococcus* sp.

### 3.2.3. X-ray diffraction {#s0060}

The shape, size, stability (high and low), visible aggregation and precipitation of the nanoparticles synthesized from bacterial isolate were identified through XRD analysis [@b0195]. The XRD pattern of gold nanoparticles is shown in [Fig. 4](#f0020){ref-type="fig"}. The XRD pattern shows intense peaks in the whole spectrum of 2*θ* values, ranging from 20° to 80°. It is important to know the exact nature of the formed gold nanoparticles can be deduced from the XRD spectrum of the sample. XRD spectra of pure crystalline gold structures have been published by the Joint Committee on Powder Diffraction Standards (file nos. 04-0784). A comparison of our XRD spectrum with the standard sample confirmed that the gold nanoparticles had been formed in the form of crystalline. The strong peaks at 2*θ* values of 38.21°, 44.44°, 64.61° and 77.63° correspond to (1 1 1), (2 0 0), (2 2 0) and (3 1 1) set of planes for fcc gold nanoparticles. Thus, the XRD pattern clearly demonstrates that the gold nanoparticles synthesized by the bio-method are crystalline in nature.Figure 4Representative XRD pattern of gold nanoparticles formed after reaction of *Enterococcus* sp. with HAuCl~4~.

### 3.2.4. Transmission Electron Microscope {#s0065}

The structure and size distribution of gold nanoparticles were analyzed using TEM ([Fig. 5](#f0025){ref-type="fig"}a). In general, the gold nanoparticles were mostly spherical in shape with size ranging from 6--13 nm. Most of the nanoparticles were aggregates with only a few of them scattered, as observed under this microscope. The gold nanoparticles are uniformly distributed with spherical in shape and smaller nanoparticles were found in the average size of 10 nm. This falls nearer to the range of gold nanoparticles produced using other microbes like *Shewanella algae*, *Bacillus* sp., *Aspergillus flavus* [@b0230], [@b0160], [@b0225]. The difference in size and shape of nanoparticles synthesized by bio-method is due to the different growth phases of particles. SAED pattern shows ([Fig. 5](#f0025){ref-type="fig"}b) four circular rings corresponding to (1 1 1), (2 0 0), (2 2 0) and (3 1 1) were documented to confirm the synthesized gold NPs are crystalline in nature.Figure 5HR-TEM images of gold nanoparticles formed by bacteria (a) 50 nm scale and (b) selected area diffraction pattern.

### 3.2.5. Energy dispersive X-ray analysis {#s0070}

The [Fig. 6](#f0030){ref-type="fig"} shows the energy dispersive X-ray analysis (EDX) of *Enterococcus* sp. derived gold NPs reveal the strongest signal in the gold region and confirm the formation of Au nanoparticles. Metallic gold nanocrystals generally show typical strong optical absorption peak was observed due to surface plasmon resonance [@b0120].Figure 6EDX spectrum for gold nanoparticles synthesized from marine bacteria *Enterococcus* sp.

### 3.2.6. Fourier Transmittance Infrared Spectroscopy {#s0075}

FTIR spectrum of gold nanoparticles suggests that the biological molecules like proteins and enzymes could possibly execute the function for the formation and stabilization of the gold nanoparticles using the *Enterococcus* sp. [@b0055]. The gold nanoparticles synthesized from *Enterococcus* sp. ([Fig. 7](#f0035){ref-type="fig"}) having the peak at 3621 cm^−1^ and 3429 cm^−1^ correspond to O---H stretching group of phenols and alcohol. The band at 3549 cm^−1^ shows O---H stretching of carboxylic groups, the band at 2932 cm^−1^ indicates C---H stretching of alkanes. The strong peak at 1652 cm^−1^ shows C000000000000 000000000000 000000000000 111111111111 000000000000 111111111111 000000000000 000000000000 000000000000O stretching of amides. The intense peak at 1398 cm^−1^ corresponds to C---H in plane bend of alkenes. The weak band at 1248 cm^−1^ and 1089 cm^−1^ shows that C---N stretching of aliphatic amines and C---O stretching of carboxylic, amines respectively. Lin et al. previously reported that the hydroxyl groups (O---H) have a stronger ability to bind with gold ions [@b0115].Figure 7FT-IR spectra of biologically synthesized gold nanoparticles using the bacteria *Enterococcus* sp.

The exact mechanism leading to the reduction of metal ions is yet to be elucidated for marine bacteria *Enterococcus* sp. The previous reports suggest that the variations in the peak positions indicate that the proteins responsible for synthesis of gold nanoparticles and they can bind to gold nanoparticles through free amine groups in the proteins [@b0165]. That the amine group of protein can bind to nano gold reveals that the amine group might be involved in reduction and stabilization of synthesized nanoparticles.

### 3.2.7. Anticancer activity of gold nanoparticles {#s0080}

*In vitro* cytotoxic activity against Hep-G2 and A549 cell line at different concentrations was evaluated and compared with the standard drug cyclophosphamide. The anticancer activities of the gold nanoparticles were performed with different concentrations such as 1 μg, 10 μg, 25 μg, 50 μg and 100 μg. The anticancer activity of gold nanoparticles against HepG2 increased while in the concentration of gold nanoparticles ([Fig. 8](#f0040){ref-type="fig"}). Gold nanoparticles exhibit good results when compare with the standard cyclophosphamide. Previously, the anticancer activity of Silver and gold nanoparticles has been studied against Dalton's lymphoma ascite (DLA) cell lines, Human laryngeal Hep-2 cell lines and human leukemic monocyte lymphoma respectively [@b0210], [@b0035], [@b0180].Figure 8Anticancer activities of gold nanoparticles against liver cancer (HepG2) cell lines.

The anticancer effect of gold nanoparticles against HepG-2 and lung cancer cell (A549) lines was performed. The results show the good cytotoxic activity against the cancer cells ([Fig. 9](#f0045){ref-type="fig"}). The concentration of gold nanoparticles plays an important role in the anticancer activity. The gold nanoparticles are having the good results against A549 in that 100 μg show fine results followed by 50 μg, 25 μg and 1 μg. The lowest inhibitory action was observed form the concentration of 10 μg. Nam et al. [@b0150] designed functionalized gold nanoparticles using dendrimers for fight cancer cells. Similarly, the silver nanoparticles synthesized by brown seaweed Ulva show good cytotoxic activity against human laryngeal cancer (Hep-2) cell line, human breast cancer (MCF 7) cell line and human colon cancer (HT 29) cell line [@b0030] and breast cancer line MCF-7 [@b0080]. Recently, Rajeshkumar et al. [@b0170] synthesized the silver nanoparticles and reported their great potential to inhibit the cell viability of liver and lung cancer cell linesFigure 9Anticancer activity of gold nanoparticles against lung cancer (A549) cells.

The cytotoxic effect of gold nanoparticles is the result of active physicochemical interaction of gold atoms with the functional groups of intracellular proteins, as well as with the nitrogen bases and phosphate groups in DNA [@b0010]. In previous report Sriram et al. [@b0210] reported that the nanoparticles acquiring anticancer properties are known for their potential ability to slow down the activities of abnormally expressed signaling proteins, such as Akt and Ras, cytokine-based therapies, DNA- or protein based vaccines against specific tumor markers, and tyrosine kinase inhibitors which exhibit a consistent antitumor effect [@b0130].

In this report, the anticancer activity was observed and that the synthesized gold nanoparticles induce a dose dependant inhibition activity against lung and liver cells. Some of the approved chemotherapeutic agents were caused side effect and high cast. Therefore there is an important need to develop alternative medicines against this deadly disease. Synthesized gold nanoparticles to fulfill the need of new therapeutic treatment were discovered.

4. Conclusion {#s0085}
=============

Extracellular synthesis of gold nanoparticles was achieved using culture supernatant of *Enterococcus* sp. Synthesized gold nanoparticles were initially identified by a formation of ruby red color and UV--vis spectrophotometer analysis shows the surface plasmon resonance band at 545 nm. Crystalline structure of gold nanoparticles was confirmed by XRD and SAED. TEM image shows the size, shape and distribution of nanoparticles. Carboxylic and amine groups are the functional groups present in the gold nanoparticles identified by FTIR. Anticancer activity of extracellularly synthesized gold nanoparticles was carried out by MTT assay against Hep-G2 and lung cancer cell (A549) lines. In this study the increased anticancer activity was found to be at an increased concentration of gold nanoparticles. This biosynthesis approach was easy, large scaled up and eco-friendly. Thus synthesized nanoparticles were more efficient in the biomedical applications in cancer treatment for their high anticancer activity.
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